HDR-ARtiSt: A 1280x1024-pixel Adaptive Real-time Smart camera for High Dynamic Range video by Lapray, Pierre-Jean et al.
HDR-ARtiSt: A 1280x1024-pixel Adaptive Real-time
Smart camera for High Dynamic Range video
Pierre-Jean Lapray, Barthe´le´my Heyrman, Dominique Ginhac
To cite this version:
Pierre-Jean Lapray, Barthe´le´my Heyrman, Dominique Ginhac. HDR-ARtiSt: A 1280x1024-
pixel Adaptive Real-time Smart camera for High Dynamic Range video. SPIE Photonics Eu-
rope, Apr 2014, Brussels, Belgium. SPIE Photonics Europe, 2014. <hal-01196636>
HAL Id: hal-01196636
https://hal-univ-bourgogne.archives-ouvertes.fr/hal-01196636
Submitted on 10 Sep 2015
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.
HDR-ARtiSt: A 1280x1024-pixel Adaptive Real-time Smart camera for 
High Dynamic Range video 
 
P.J. Lapray, B. Heyrman, D. Ginhac 
 
 
Abstract 1 (300 words) 
Standard cameras capture only a fraction of the information that is visible to the human 
visual system. This is specifically true for natural scenes including areas of low and high 
illumination due to transitions between sunlit and shaded areas. When capturing such a 
scene, many cameras are unable to store the full Dynamic Range (DR) resulting in low 
quality video where details are concealed in shadows or washed out by sunlight.The 
imaging technique that can overcome this problem is called HDR (High Dynamic Range) 
imaging.  
This paper describes a complete smart camera built around a standard off-the-shelf LDR 
(Low Dynamic Range) sensor and a Virtex 6 FPGA board. This smart camera called HDR-
ARtiSt (High Dynamic Range Adaptive Real-time Smart camera) is able to produce a real-
time HDR live video color stream by recording and combining multiple acquisitions of 
the same scene while varying the exposure time. This technique appears as one of the 
most appropriate and cheapest solution to enhance the dynamic range of real-life 
environments. HDR-ARtiSt embeds real-time multiple captures, HDR processing, data 
display and transfer of a HDR color video for a full sensor resolution (1280 × 1024 pixels) 
at 60 frames per second. 
The main contributions of this work are: (1) Multiple Exposure Control (MEC) dedicated to 
the smart image capture from the sensor with alternating three exposure times that are 
dynamically evaluated from frame to frame, (2) Multi-streaming Memory Management Unit 
(MMMU) dedicated to the memory read/write operations of the three parallel video streams, 
corresponding to the different exposure times, (3) HRD creating by combining the video streams 
using a specific hardware version of the Devebec’stechnique, and (4) Global Tone Mapping 
(GTM) of the HDR scene for display on a standard LCD monitor. 
 
 
 
 
Abstract 2 (500 words) 
Standard cameras capture only a fraction of the information that is visible to the human 
visual system. This is specifically true for natural scenes including areas of low and high 
illumination due to transitions between sunlit and shaded areas. When capturing such a 
scene, many cameras are unable to store the full Dynamic Range (DR) resulting in low 
quality video where details are concealed in shadows or washed out by sunlight. The 
imaging technique that can overcome this problem is called HDR (High Dynamic Range) 
imaging.  
This paper describes a complete smart camera built around a standard off-the-shelf LDR 
(Low Dynamic Range) sensor and a Virtex 6 FPGA board. This smart camera called HDR-
ARtiSt (High Dynamic Range Adaptive Real-time Smart camera) is able to produce a real-
time HDR live video color stream by recording and combining multiple acquisitions of 
the same scene while varying the exposure time. This technique appears as one of the 
most appropriate and cheapest solution to enhance the dynamic range of real-life 
environments. HDR-ARtiSt embeds real-time multiple captures, HDR processing, data 
display and transfer of a HDR color video for a full sensor resolution (1280 × 1024 pixels) 
at 60 frames per second.The hardware implementation on the Virtex 6 shows relatively 
low hardware resources occupation(about 17% of the device) and a maximum frequency 
of 125 MHz. 
The main contributions of this work are:  
(1) Multiple Exposure Control (MEC) dedicated to the smart image capture from the sensor 
with alternating three exposure times. The MEC evaluates dynamically the adequate exposure 
times from frame to frame using the histograms and the number of low-level and high-level 
saturatedpixels of each captured frame. Exposure times are evaluated according the following 
principle: fewer than 10% of the pixels must be saturated at high-level for the short exposure time 
(respectively at low-level for the long exposure time). If too many pixels are saturated, the 
exposure time is decreased for the subsequent short exposure captures (respectively increased for 
the long exposures). Finally, the middle exposure time is linearly computed from the two 
other exposures. 
(2) Multi-streaming Memory Management Unit (MMMU) dedicated to the memory 
read/write operations of the three parallel video streams, corresponding to the different exposure 
times. This MMMU continuously manages the storage of 3frames, the oldest frame being 
systematically replaced with the new acquired frame. The MMMU is able to capture and store the 
current stream of pixels from the sensor, and delivers simultaneous 2 pixel streams previously 
stored to the HDR creating process. With such a memory management,we avoid waiting for the 
capturing of new 3 frames before computing any new HDR data. Once the initialization is done, 
our system is synchronized with the sensor framerate (i.e. 60 fps) and is able to produce a new 
HDR frame for each new capture. 
(3) HRD creating by combining the video streams using a specific hardware version of the 
Devebec’stechnique, and Global Tone Mapping (GTM) of the HDR scene for display on a 
standard LCD monitor. 
 
